The spectrum of triply ionized tungsten (W IV) was produced in a sliding-spark discharge and recorded photographically on the NBS 10.7 m normal-incidence vacuum spectrograph in the 600-2600 A spectral region. The analysis has established all 37 levels of the 5 d 3 , 5d2 6s and 5d6s2 even configurations and all 68 levels of the 5d26p and 5d6s6p odd confugurations. A total of 774 lines have been classified as transitions between these levels. Comparison of observed level values with those calculated in a least-squares fit shows an rms deviation of f 50 cm-' for the even configurations and c 250 cm-' for the odd ones.
Introduction
To our knowledge, no previous attempts have been made to analyze the spectrum of triply ionized tungsten. The ground configuration of this ion is 5d3 and the other low, even configurations are 5d26s and 5d6s2. The lowest odd configurations are 5d26p and 5d6s6p. In the analysis of a spectrum, one usually makes use of information available in isoelectronic and/ or isoionic spectra. The adjacent isoelectronic spectra, Ta 111 and Re V, are completely unknown. Among the fourth spectra of the platinum group, only the analysis of Ta [ I ] , with a ground configuration of 5 d 2 , could provide relevant information.
Observations
A sliding-spark discharge with a quartz spacer was used to produce tungsten spectra. Peak currents of approximately 50, 200 and 500A gave excellent separation of W 111, W IV and W V. It was found necessary to use He at approximately 20 Torr in order to maintain the discharge. A water-cooled copper hollow cathode, containing small pieces of germanium and silicon, was operated at 500 mA with He at 2 Torr to produce lines of Cu 11, Ge I, Ge 11, Si I and Si I1 which were used as standards [2] . The spectra were recorded photographically between 600 and 2600A on the 10.7m normal-incidence vacuum spectrograph at NBS. The estimated uncertainty in the measurements is rt 0.005 A.
Approximately 1000 lines were identified as belonging to W IV and over 4000 as W 111. An analysis of the W 111 data is underway. Analysis of those lines with W IV discharge characteristics has led to the classification of 774 lines. Seventeen of these are doubly classified, giving 79 1 transitions between the 37 even and 68 odd levels that were identified. Table I gives the wavelength, intensity, wavenumber, difference between the observed and calculated wavelengths, and classification of each of these lines.
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Analysis
All of the predicted levels of the 5 d 3 , 5d26s, 5d6s2, 5d26p and 5d6s6p configurations have been determined. Hartree-Fock (HF) calculations were performed for the Slater and spin-orbit integrals of each of the configurations and for the relevant configuration interaction parameters. Comparison of the level structures predicted by parametric calculations and the repeating intervals found among the strong lines enabled the analysis to proceed. Tables I1 and 111 give the relevant information about the even and odd levels of triply ionized tungsten. Included for each level in the tables are the configuration, term, J value, the level value and its uncertainty and the number of observed transitions to or from the level. The notation used to distinguish the various levels (e.g. a , b, c, . . . z , y , x, . . .) follows the recommendation of Russell et a1 [ 3 ] . The "1" and "2" in the terms a2D2 and b2D1 refer to the seniority numbers of the terms and are designated in the notation of Nielson and Koster [4] . Figure 1 shows the energy range occupied by all of the presently known configurations. The only overlap between the 5d3 and the 5d26s even configurations occurs between the highest term of 5 d 3 , 2D1, and the lowest term of 5d26s, 4F. This can be seen more clearly in Figure 2 which shows the energy levels of the three even configurations connected in LScoupling terms.
The radial parameters derived by least-squares fitting (LSF) of the calculated to the experimental levels are given in Tables  IV and V for the even and odd configurations, respectively. The  table also between the 5d2('S)6p 2P and the 5d(2D)6s6p(3P) 4F and 4D terms. In calculating the odd configurations, several coupling schemes were considered. Neither LS nor J l j coupling are pure, in 5d26p the mean purity being 49% and 63% respectively. LS designations for these levels have been chosen for simplicity but many of the levels show large eigenvector mixtures in this coupling. The names given to the levels of J = 3/2 100449, of J = 512 98691 and 115317, of J = 712 106730, 108872 and 111515, and of J = 9/2 104263 are not those of the largest eigenvector components. The compositions are very sensitive to small variations in the parameter values.
In the 5d6s6p configuration, only the levels J = 3/2 157726 and J = 5/2 149758 have not been given the names of the largest eigenvector components. This configuration has an S-L coupling purity of about 69%. Table 111 includes the difference between the observed and calculated value and the leading LS percentage(s) for each of the odd levels. The mean deviation between the calculated and observed odd levels is f 250 cm-' with configuration interaction included in the calculation.
The exchange integral, G' (sp), is very large emphasizing that the coupling between the 6s and 6p electrons is very strong. The best description of the 5d6s6p configuration is then given by 5d('D) 6s6p ('"P). The strong LS character of the intermediate 'P and 3P terms was noticed by Shenstone [5] in his analysis of Cu I. Martin and Sugar [6] found that this was also true for Zn 11, Ag I and Cd 11. Johansson [7] also mentions this for the 3d54s4p configuration in Fe 11. This appears to be confirmed in W IV 5d6s6p by observed intensity relations shown in Table VII . 
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